Introduction
============

Anemia in pregnancy is a major public health problem, especially in developing countries. It affects 41.8% of pregnant women globally, with the highest prevalence in Africa (57.1%) which corresponds to 17.2 million ([@R1]). Different studies have shown different prevalence of anemia during pregnancy ranging from 16.6--95.0% ([@R1]--[@R12]). Anemia in pregnant women has severe consequences on health, social, and economic development ([@R1], [@R2]). Anemic pregnant women will be at risk of low physical activity, increased maternal morbidity and mortality, especially those with severe anemia ([@R1], [@R10]). In addition, both pregnant women and their neonates encounter negative consequence including fetal anemia, low birth weight (LBW), preterm delivery, intrauterine growth restriction and perinatal Mortality ([@R4], [@R10]--[@R15]). The cause of anemia in pregnancy is multi-factorial. Iron, folate, vitamin B~12~ and vitamin A deficiencies as well as intestinal parasitic infections, malaria, chronic illness have all been shown to be the main causes of anemia among pregnant women ([@R2], [@R3], [@R10], [@R16]).

In most of the cases, anemia is largely preventable and easily treatable if detected in time. Effective management of anemia includes treatment of the underlying causes, restoration of the hemoglobin concentration to normal levels, and prevention and treatment of complications. Despite this fact, anemia still continues to be a common cause of mortality and morbidity among pregnant women ([@R17]), and data on relative contributions of associated factors are limited which makes it difficult to effectively address the problem. Besides, different studies indicate significant variations in prevalence of anemia both within and between countries which indicates a need for local data to help the preventive program. Furthermore, data on prevalence and associated factors of anemia is limited in the study area particularly in pregnant women. Therefore, this study was aimed at determining the prevalence and associated risk factors of anemia among pregnant women.

Methods
=======

Study area and period
---------------------

A facility based cross-sectional study was conducted in Wolayita Sodo Otona Hospital, from January 18 to March 17, 2014. Wolayita Sodo Town is located in southern part of Ethiopia at a distance of 390 km from capital Addis Ababa. According to the 2007 census conducted by the Central Statistics Agency (CSA), the town has a total population of 76,050, of whom 40,140 are men and 35,910 are women.

Sample size and sampling technique
----------------------------------

The sample size was calculated using the general formula for a single population proportion. This was computed by considering 38.2% prevalence of anemia among pregnant women ([@R9]), 5% margin of error and 95% confidence interval (CI). Accordingly, the final sample size was 363. All pregnant women were included during the study period consecutively until the required sample size was obtained. Pregnant women who were on treatment of anemia and who had blood transfusion within four months of data collection were excluded.

Data collection
---------------

Data were collected by two trained clinical nurses. Socio-demographic and other related data were obtained using structured questionnaire. Four ml of EDTA (Ethylene diamine tetra acetic acid) anticoagulated venous blood was collected for hematological analysis. Hemoglobin (Hb) concentration, mean cell volume (MCV), mean cell hemoglobin (MCH) and mean cell hemoglobin concentration (MCHC) were measured by CELL DYN 1800^®^ (Abott Laboratories Diagnostics Division, USA). Pregnant women having Hb value below 11g/dl were considered as anemic. Pregnant women who had Hb value between 10--10.9g/dl, 7--9.9g/dl and \< 7g/dl were considered as mildly, moderately and severely anemic, respectively ([@R17]). Microcytosis was defined when MCV value is below 80fl, and hypochromia was defined when MCHC value is below 32g/dl.

Five gm of stool samples were collected from each study participant using clean, wide mouthed and leak proof stool cup. Then, stool samples were examined within 10--15 minutes of collection by wet mount preparation. Leftover samples were processed for formol-ether concentration technique.

At the same day of blood and stool sample collection, each pregnant woman was requested to have weight and height measured by data collectors. Anthropometric measurements of height and weight were measured with women in light clothing. Weight measurement was taken using digital scale to the nearest 0.1kg, and fixed base scale was used for height measurement to the nearest 0.1cm. Every height and weight measurement was performed two times; the mean values were used for body mass index (BMI) calculation. BMI was computed as weight in kilogram divided by the square of height in meter using Microsoft Excel office 2007.

Data analysis
-------------

All data from the laboratory report forms and questionnaire were checked for completeness, edited, and coded. Then, all the data were entered and analyzed using SPSS-V.20 statistical software. Descriptive statistics were used to give a clear picture of background variables like age and to determine the prevalence of anemia. Binary and multiple logistic regressions were done to identify independent predictors of anemia. All explanatory variables that were associated with the outcome variable in bivariable analyses at 25% level of significance were entered into backward multiple logistic regression model, and then variables significant at P-value \<0.05 were identified as independent predictors for anemia in pregnant women. Finally, the results were presented using tables and graphs.

To assure quality of the data, training was given to the data collectors to minimize technical and observer bias. Standard operating procedures were followed during specimen collection and laboratory procedures. Control reagents were run to check the accuracy and precision of the data generated by the hematology analyzer.

Ethical clearance and consent
-----------------------------

Ethical clearance was obtained from Jimma University Ethical Review Committee. Permission was obtained from Otona Hospital medical director office before data collection. Written informed consent was obtained from each pregnant woman prior to enrollment in the study. Individual level medical information obtained from the pregnant women was kept strictly confidential, and the participants were assured that only aggregate data will be reported. Anemic pregnant women and pregnant women with intestinal parasitic infections and malaria were immediately communicated to the attending health professionals at the ANC clinic of the hospital, for treatment and follow up.

Results
=======

Description of study participants
---------------------------------

A total of 363 pregnant women were involved in the study. Most of the pregnant women were within the age group of 25--35 years with mean age of 28.94 years (±5.39year). The family size of study participants ranged from 1 to 8 with an average of 4.81 persons per household. Among all study participants, 25(6.89%) were illiterate ([Table 1](#T1){ref-type="table"}). The mean household income of the participants was 968 ranging from 350 to 3, 600 Ethiopian Birr. Peripheral blood film and stool samples were checked for hemoparasites and intestinal parasites. Accordingly, 13(3.58%) were confirmed malaria positive, and 69 (19.01%) were found infected with intestinal parasites ([Table 2](#T2){ref-type="table"}). A total of seven species of intestinal parasites were identified among which *Ascaris lumbricoides* took the highest proportion ([Figure 1](#F1){ref-type="fig"}).

###### 

Association of anemia with socio-demographic and socio-economic factors among pregnant women attending ANC clinic in Wolayita Town, Southern Ethiopia: January to March 2014

  Variables     Categories      Anemia        COR (95% C.I)   AOR(95% C.I)         
  ------------- --------------- ------------- --------------- -------------------- --------------------
  Age           15--24          36 (44.44)    45 (55.56)      1.84(0.89, 3.77)     9.89 (2.68, 21.41)
                25--35          92 (40.71)    134 (59.29)     1.58 (0.84, 2.95)    2.15 (0.79, 5.81)
                36--49          17 (30.36)    39 (69.64)      1                    1
  Marital       Unmarried.      14 (60.87)    9 (39.13)       2.48 (1.05, 5.89)    2.56 (0.87, 4.58)
  status        Married         131 (38.53)   209 (61.47)     1                    1
  Educational   Illiterate      12 (48.00)    13 (52.00)      3.08 (0.92, 10.25)   1.07 (0.24, 4.75)
  status        ≤ 4 Grade       29 (36.25)    1 (63.75)       1.89 (0.68, 5.26)    1.04 (0.17, 2.19)
                5 -- 12 Grade   98 (42.24)    134 (57.76)     2.44(0.94, 6.29)     0.51 (0.10, 2.55)
  Residence     \> 12 Grade     6 (23.08)     20 (76.92)      1                    1
                Urban           62 (31.00)    138 (69.00)     1                    1
                Rural           83 (50.92)    80 (49.08)      2.31 (1.50, 3.55)    1.89 (0.98, 3.68)
  Family size   ≤ 5             103 (33.55)   204 (66.45)     1                    1
                \>5             42 (75.00)    14 (25.00)      5.94 (3.10, 11.38)   7.74 (4.15, 16.47)
  Parity        Primigravida    11 (31.43)    24 (68.57)      1                    1
                Multigravida    134 (40.85)   194 (59.15)     2.51 (1.71, 3.18)    2.66 (1.31, 4.53)
  Household     ≤ 968 ETB       97 (52.15)    89 (47.85)      6.12 (3.26, 8.62)    5.81 (2.93, 14.11)
  income\*      \> 968ETB       48 (27.12)    129 (72.88)     1                    1

**NB:** COR = Crude Odds Ratio, AOR = Adjusted Odds Ratio, C.I = Confidence Interval, Household

income\* = Household income per month in Ethiopian birr

###### 

Association of anemia with clinical, reproductive health and nutrition related factors among pregnant women attending ANC clinic in Wolayita Town, Southern Ethiopia: January to March 2014

  Variables                 Categories   Anemia        COR (95% C.I)   AOR(95% C.I)         
  ------------------------- ------------ ------------- --------------- -------------------- ---------------------
  Clinical illness          Yes          73 (67.59)    35 (32.41)      5.30 (3.26, 8.62)    6.38 (3.13, 13.00 )
                            No           72 (28.24)    183 (71.76)     1                    1
  History of malaria        Yes          22 (52.38)    20 (47.62)      1.77 (0.59, 3.39)    2.06 (0.76, 5.62)
                            No           123 (38.31)   198 (61.69)     1                    1
  Malaria infection         Yes          7 (53.85)     6 (46.15)       1.79 (0.59, 5.45)    
                            No           138 (39.43)   212 (60.57)     1                    
  Presence of current IPI   Yes          40 (57.97)    29 (42.03)      2.48 (1.46, 4.24)    2.41 (1.08, 5.81)
                            No           105 (35.71)   189 (64.29)     1                    1
  History of                Yes          108 (35.64)   195 (64.36)     1                    1
  contraceptive usage       No           37 (61.67)    23 (38.33)      2.91 (1.64, 5.14)    5.02 (2.21, 11.47)
  Excess menstrual          Yes          29 (76.32)    9 (23.68)       5.81 (2.66, 12.86)   9.82 (3.27, 21.35)
  bleeding                  No           116 (35.69)   209 (64.31)     1                    1
  Trimesters                1^st^        12 (22.64)    41 (77.36)      1                    1
                            2^nd^        69 (33.17)    139 (66.83)     1.69 (0.84, 3.43)    3.39 (1.05, 9.89)
                            3^rd^        64 (62.75)    38 (37.25)      5.75 (2.69, 12.28)   11.37(4.56, 24.82)
  History of abortion       Yes          18 (43.90)    23 (56.10)      1.20 (0.62, 2.32)    
                            No           127 (39.44)   195 (60.56)     1                    1
  Body Mass Index in        Low          30 (78.95)    8 (21.05)       12.45(9.07,91.17)    9.44 (7.79, 22.18)
  kg/m^2^                   Normal       109 (39.93)   164 (60.07)     5.09 (2.10, 12.34)   5.72 (3.05, 7.70)
                            High         6 (11.5)      46 (88.5)       1                    1

**NB:** COR = Crude Odds Ratio, C.I = Confidence Interval, AOR = Adjusted Odds Ratio, IPI = Intestinal Parasitic Infection

![Proportion of different species of intestinal parasite among pregnant women attending ANC clinic in Wolayita Soddo Otona Hospital, Southern Ethiopia: January to March 2014.](EJHS2502-0155Fig1){#F1}

Prevalence and severity of anemia
---------------------------------

One hundred and forty five pregnant women, 39.94% (95% CI: 34.7% -- 45.2%), were anemic. The mean Hb concentration was 11.55 ± 2.97 g/dl with a range of 5.4 to 18.7g/dl. Among anemic pregnant women, 44(30.34%) had mild anemia, 87(60%) had moderate anemia, and 14(9.66%) had severe anemia. From a total of anemic pregnant women, 109(75.17%), 32(22.07%) and 4(2.76%) had normocytic normochromic, microcytic hypochromic and macrocytic anemia, respectively.

Multiple logistic regression analysis was performed to identify independent predictors of anemia among pregnant women. Fourteen explanatory variables that were associated with anemia in bivariable analyses at 25% level of significance were entered into backward multiple logistic regression model ([Tables 1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}). In the last step of analysis, four variables were excluded.

Accordingly; age 15--24 (AOR: 9.89, 95%CI:2.68--21.41), family size \>5 (AOR:7.74, 95%CI:4.15--16.47), multigravida (AOR:2.66, 95%CI:1.1.31--4.53), having low income (AOR:5.81, 95%CI:2.93--14.11), current clinical illness (AOR: 6.38, 95%CI:3.13--13.00), intestinal parasitic infection (AOR:2.41, 95%CI:1.08--5.81), no history of contraceptive usage (AOR:5.02 95%CI:2.21--11.47), being in third trimesters (AOR:11.37, 95%CI:4.56--24.82), history of excess menstrual bleeding (AOR:9.82, 95%CI:3.27--21.35) and low body mass index (AOR:9.44, 95%CI:7.79--22.18) were identified as independent predictors of anemia among pregnant women ([Tables 1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}).

Discussion
==========

According to the WHO cutoff values ([@R1]), prevalence of anemia in this study indicated not much lower than sever public heath importance. This result was consistent with study done in Jimma University Specialized Hospital, South West Ethiopia, 2006 (38.2%) ([@R9]) and West Arsi Zone, Ethiopia, 2013 (36.6%) ([@R7]). However, the result of the present study was much lower than WHO report, 2008 (62.7%) in Ethiopia ([@R1]). This might have happened due to the model used to estimate prevalence of anemia and the time difference.

The prevalence of anemia in this study is also low as compared to the prevalence of anemia reported from Morogoro municipality, Tanzania, 2010 ([@R13]), South Eastern Nigeria, 2007 ([@R2]), Sudan, 2009 ([@R4]), Kenya, 2007 ([@R5]), Uganda, 2013 ([@R18]), China, 2009 ([@R19]), Malaysia, 2012 ([@R20]) and Gilgel Gibe dam area, Southwest Ethiopia, 2012 ([@R8]) which reported 95%, 76.9%, 70%, 69.1%, 63.1%, 58.6%, 57.4% and 53.9% prevalence rates, respectively. This variation might be due to study population difference. For instance, in Tanzania where the highest prevalence was reported, most of the participants were in their last trimester whereas most of the participants in our study were in the 2^nd^ and 1^st^ trimester. The other possible reason might be due to low prevalence of malaria compared to other studies; for example, a study in Gilgel Gibe Dam area, Southwest Ethiopia, 2012 ([@R8]) reported 11.60% of malaria cases among pregnant women while the prevalence of malaria was 3.58% in our study.

On the other hand, prevalence of anemia in this study was higher than similar studies conducted in Nakhonsawan, Thailand 2010 ([@R21]), Azezo Health Center Gondar Town, North West Ethiopia 2013 ([@R22]), and Tikur Anbessa Specialized Hospital, Addis Ababa Ethiopia 2014 ([@R6]) which reported as 14.1%, 21.3% and 21.6%, respectively. This might be due to a difference in socio-economic and educational status between the study populations. For example, the current study indicated that 6.89% and 7.61% of the study participants were illiterate and had educational status of greater than Grade 12, respectively, while similar study in Tikur Anbessa Specialized Hospital indicated 5.07% and 30.89%, respectively. The other possible reason might be methodological variation as Sahli-Hellige method was used for the determination of Hb in a study in Northwest Ethiopia ([@R22]) which is prone to personal observation bias.

According to WHO classification for degree of anemia, among anemic pregnant women, 14 (3.89%) were severely anemic. The proportion of severe anemia in this study was higher compared to similar studies in Nigeria 2014 (0.3%) ([@R23]), Sudan 2010 (2.1%) ([@R4]) and Tanzania 2011 (2.1%) ([@R24]). Mainly, this might be due to the method used for measurement of Hb level of pregnant women. The study conducted in Nigeria used packed cell volume or hematocrit for identification of anemic cases ([@R23]), but in our case, Hb was measured using a HemoCue hemoglobinometer (HemoCue AB, Angelhom, Sweden) ([@R4], [@R24]) which is accurate and precise method for measurement of Hb. This method we used is a recommend method for field research work.

Anemia in pregnancy is related to different socio-demographic factors ([@R6], [@R21], [@R25]). This study assessed socio-demographic variables associated with anemia. Age group of 15--24 years, family size greater than four, multigravida and monthly household income less than 968 Ethiopian Birr showed statistically significant association with anemia. This indicates a higher prevalence of anemia in young pregnant mothers, large family size and large number of children ever borne. In different studies, age, family size, parity and economical status were found to be significantly associated with anemia during pregnancy ([@R6], [@R21], [@R25]) which were consistent with our study. Reports on prevalence of anemia in women of reproductive age in Meghalaya, 2010 ([@R26]) and in India, 2008 ([@R27]) were consistent with the current finding.

In this study, anemia among pregnant women was significantly associated with presence of clinical illness. Pregnant women who had clinical illness and intestinal parasitic infection were more likely to be anemic than pregnant women who did not have clinical illness and intestinal parasitic infections. Similar findings were obtained from Nigeria ([@R2]) and Ethiopia ([@R8]). In the present study, anemia was more prevalent at the third trimester. This might be due the fact that increase in trimester may cause reduction in maternal iron reserves. There was also a statistically significant association between anemia and history of excess menstrual bleeding (usage of more than two sanitary pads within a day during menstruation). These might be due to the fact that increase in number of sanitary pad usage per day reflects increase in the amount of blood flow-one of the predisposing factors for the occurrence of anemia. Undernourished pregnant women who had low BMI\<18.5 kg/m^2^ were more likely to have anemia. This might be due to the fact that anemia is one of the most common nutritional deficiency disorders. Because the study was cross-sectional in design, it did not show which preceded, anemia or risk factors. Additionally, Micronutrient (serum iron, folate and vit-B~12~) levels, which might be root causes of anemia, were not assessed.

In conclusion, the overall prevalence of anemia in this study indicated that it is a moderate public health problem. Intervention strategies should focus on associated factors of anemia among pregnant women. Increase awareness for family planning methods might have a contribution for reducing risk of anemia. Economic and nutritional empowerment should be considered. Large scale longitudinal studies should be done to identify specific etiologies and root causes of anemia among pregnant women by assessing micronutrients (serum iron, folate and vit-B~12~ levels).
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